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ANALYSIS OF CONVENTIONAL AND REFLECTIVE BUTLER MATRICES
WITH IMPERFECT COMPONENTS

INTRODUCTION

A Butler matrix that forms a cluster of beams evenly distributed in the sin-f space is
not usually symmetric with respect to a plane midway between the input and output
ports. However, by properly adjusting the phase shifts and interconnections one may
modify a conventional Butler matrix to be symmetric. Such a matrix may also be folded
on itself on the line of symmetry, so that the input and output ports are identical. Such a
network not only reduces the number of components required; it also becomes a
reflection-type system in which the feed positions are in the plane of the aperture. The
synthesis of this network was described previously [1,2]. In this report, we analyze the
performance of both conventional and reflective Butler matrices. In particular, we
investigate the effect of reflected waves on the beam-forming performance. In a conven-
tional Butler matrix, since the input and output ports are separate, the reflected waves
emerging from the input ports have no effect on the beam-forming performance. Multiply
reflected waves may emerge from output ports; however, their amplitudes are generally
small, and their effects are relatively insignificant. In a reflective Butler matrix, the
reflected waves accumulate at the input/output ports; hence, the aperture distribution at
the antenna array is significantly modified, and this may degrade the beam-forming
performance, These effects are investigated, and computer simulated results are presented
together with a listing of the computer program.

SCATTERING MATRIX OF A 3.dB HYBRID COUPLER

The basic building block of a Butler matrix is a 3-dB hybrid coupler. For the ideal
hybrid coupler, energy fed into any one of the input ports will be split into two equal
components, one with a phase shift of 90° relative to the other. However, practical hybrid
couplers will in general exhibit amplitude and phase errors in their transfer coefficients.
These amplitude and phase errors will affect the transfer coefficients of both reflective and
conventional Butler matrices in the same way. That is, the errors in the overall network
input/output transfer coefficients will be the same for both conventional and reflective
networks. Practical hybrid couplers will also have nonzero reflection and transfer coeffi-
cients to the isolated port, For the conventional network, to a first order, the error
components due to these effects will appear at the network inputs. For the reflective
network, with its inputs and outputs sharing a single set of ports, all error components
affect the input/output transfer coefficients.

Thus, the two types of hybrid coupler errors are forward and reverse. Our investiga-
tion wiil be concentrated on the reverse-error components, and we shall assume that there

Manuseript submitted January 4, 1980,
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is no amplitude or phase error in the forward-transfer coefficients of the 3-dB coupler. The
following analysis is based on the assumption that, when an incident wave of unit
amplitude is applied to one of the input ports, two waves of amplitude o« will emerge

from the two output ports, one with a 90° phase shift and the other with no phase shift.
Similarly, waves of amplitude § will be reflected to the two input ports. As shown in

Fig. 1(a), when an incident wave of unit amplitude is applied at port 12, reflected waves
of -8 and -jf appear at ports 11 and 12 respectively and waves of —jo and « appear at
ports 21 and 22. For conservation of energy, one has

202 + 282 =1. (1)

The isolation factor is defined as the power ratio of the reflected wave to the incident
wave. In this case, the isolation is

I=p2, (2)
Accordingly, in terms of the isolation factor,

a=+/05-1. (3)

v

If the parameters in Fig. 1(b) are used, the reflected waves are related to the incident
waves by the matrix equation

. T
by - -l o -ju aHT
612 - -jBi-jo Gyq
—— |- — 1, (4)
boy a -je,-jp B gy
(Y22 | [P @B B | % |

where @11,ay 9, @91, and ay, are incident waves and by 1, by g, bgy, and by, are scattered
waves af ports 11, 12, 21, and 22 respectively,

Let

by ] bgy

bl = 9b2 = s
b1s L{’zz_J
-~ ” (5a)
211 421

al = 332 = y
Lf"{ Gn2

2
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(a) Unit-amplitude wave incident at one of the (b) Incident and reflected waves
input ports of a 3-dB coupler on a 3-dB coupler

Fig. 1 ~ Transfer and reflection in four-port networks

and

- (5b)
o —ja—|
§ =8, =
“12 T *z1
~jor oe_‘
Matrix Eq. (4) can now be simplified to the form
i B U I
b, 511 ! 19 2
=1 |- (6)
by So1 | 899 A

SCATTERING AND TRANSFER MATRICES OF A BUTLER NETWORK

A Butler network can be represented by a block diagram as shown in Fig. 2.* Blocks
in regions 1 and 3 represent the 3-dB couplers described in the previous section, and a
phase-shift transfer network is located in region 2. A number of similar networks are

*For the remainder of this report, a network will be considered a physical entity and a matrix a
mathematical entity.
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connected in cascade to form a complete conventional Butler network. The scattering
matrix for regions 1 and 3 is

b, [ -8 o 0 ... a <iw 0 0 ...0]fa,]
byg -8 -jp 0 0O .., -ja a O 0 ...0jja,
. 0 0 _jB _ﬂ O 0 “ne o -'ja 0.‘. .

0 0 - 800 ... -jo o« O.,|f"°

- .

bln _ L) 8 T an e .8 LY aln (7)
byy a —ja 0 0 .- -8 0 0 ...0llay,
b22 -jo o 0 0 ven "'ﬁ -.”3 0 0 ...0 322
] 0 0 « -jo 060 ... B -8 ...0
* 0 0 _‘ja 64 L) LR Pﬁ —jﬁ luqo
_bzn i . e ee|]92n]
Define
— T .
b1 boy
byg by
by =} . .by=1 s {8a)
bln b2n
@11 Qoq
%9 Qo9
a; =| . A= |, (8b)
Gy Qon
. - — st
-j8 -8 0 O . ]
—ﬁ —jﬁ 0 0 -+ ® F
0 0 - -6 00 ..
S11 =8, =1 0 0 - -jg 00 ., | (8c)
0 0 e ... "JB -B
0 0 . -8 -8
L ]
4
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Fig. 2 — Block diagram of a Butler network
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and
o -ja 0 0 e
-ja o 0 o .. .
¢ 0 a -~ja 00 ..
8., =8,, =106 0 -joa ao 00 {R4)
12 21 4 .. 106G}
0 0 .o . o -ja
. . "'ja o

b 8., 18 a
1 it i P1z i
b, Sp1 1 8, g
L L 4 L4
The scattering matrix in region 2, which is a phase-shift and transfer network, can be
represented as
d, Rii|Rigj | &
— =t e (10
dg Roy | Roy Ca

~where-dy;dy; € ;and ¢y are vectors such that

[~ ] —
b [a]
dyg dyy
d, =| .| .=l L], (11a)
dlu 2n
L ] L
€11 €21
€12 €a9
¢ = . , g™ . . {11b)
Ca Ca
in an

Matrices Ry, and Ry, are zero, and matrices Ry 5 and Ry have identical elements. These
matrices describe the phase shifts and interconnections from one row of couplers to the
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s
0 0 e %o
R.,=R,, = 7 . (12)
12 21 o
0 ¢4 0 0
0 0 0 1
| ]
.
—
1
1 |

Fig. 3 — Four-port Butler network

Since we are interested in the overall scattering matrix of this network, we must first
convert the scattering matrix in each region to a fransfer matrix, which in turn can be
multiplied to form the overall transfer matrix of the whole network. A transfer maftrix can
be represented as

|
|
—| == | -], (13)
|
{

where a; and by are the incident and reflected waves at the left hand ports and a; and by
are similar waves at the right hand ports.

an be shown that a matrix T is related to an 8 matrix by the following relations
(3, 4]
= - -1
Ty1 =891 7855815 541> (14a)
T,p =8, S'12, (14b)
7
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Ty, = - 872 8; 4 (14c)
and
Tog = 873 (144)
The overall fransfer matrix is
k
T=1I T; (15)
i=1

where T,, T,, ..., T, are transfer matrices in regions 1, 2, ..., k.

The overall transfer matrix can be converted to a scattering matrix by the relations

831 = = T3 Toy, (16a)

S, = Toi (16b)

Sy1 = T11~ Tyg Tag Tays (16¢)
and

Syp = Tyo Toi- (16d)

Since 8, 9 = 85, one may use the simpler relation of Eq. (16b) instead of Eq. (16¢).

Elements of matrix Sy, (or 8 5) represent the transmitied waves at the output ports
when a unit incident wave is applied at any one of the input ports. Therefore, matrix 8o,
is the transfer function of a conventional Butler network. Elements of matrix S, {or 855}
represent the reflected waves at the input ports when a unit incident wave is applied at
any one of the input ports. In a reflective Butler network hoth the reflected waves and
transmitied waves emerge from the same set of ports. Therefore, the scattering matrix of
such a network is the sum of matrices S, 5 and 8, ¢, or

§ = 8;; +8,. 17)

in deriving this relation, we have made the assumpiion that the symmetry piane of a
reflective Butler network exhibits an open-circuit unity reflection coefficient.

PATTERNS OF AN ARRAY FED BY A BUTLER NETWORK

Figure 4 shows a2 schematic diagram of a reflective Butler network, which has half
the components of a conventional Butler network. There are n ports, since ports ay4,
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ars idantical with norts a, < a.. a._ . Using nreviously developed notation
“1.\’:" ,ulnwvluv I~ Z1>T2d v FZn’ S - £
and setting [by] = [a5] = 0, this can be represented as
[b]_] = [Sl1+S12][31]- (18)
]
%4,921
by b
BTN PERFECT
REFLECTION
a‘z_’uz.*'a_.J WALL
biz,b22
—
93923 '
bis bos HALF
—-—y €9 BUTLER
[ MATRIX
I |
I
|
|
byn+02nl :
94p,92n

Fig. 4 — Reflective Butler network

The vector input of [a;] can be represented for the case of an incident plane wave
received by a linear array, by

a1, = A, exp [j(k - 1)u] {(19)
where u = 27d sin 8/},
with X = wavelength,
# = angle of incidence from the normal to the array, and
d = element spacing,.

9
R
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In the subsequent discussion, we shall assume that the array has a uniform illumina-
tion function, that is, that A}, = 1. The scattering matrix [S; ;] + {8;3] is computed as a
function of isolation factor 7, Radiation patterns of the network-fed array are represented
by two types of plot. One shows the main beams formed by several ports of the reflective
Butler network, and the other shows the complete array pattern of one port of the net-
work, in the range 0 < u < 180°,

Figure 5 shows the array patterns of an eight-port reflective Butler network. Figure 5a
shows four of the main beams for variation of the isolation factor of the 3-dB hybrid from
10 dB to 40 dB. Figure 5b shows the array pattern when the main beam is at # = 22.5° for
the same range of isolation factor. Figure 6 shows the corresponding patterns for a 16-port
reflective network. From these figures, it can be seen that the nuil filling level is roughly
equal to the isclation factor of the 3-dB couplers. That is, for the case of 10-dB isolation,
the pattern is filled to a level of about 10 dB below its peak; and for the case of 40 dB
isolation, the pattern is filled to a level of about 40 dB below its peak.

Tables 1 and 2 show computed results for eight-port and 16-port reflective Butler
networks, respectively, The isolation factors in dB are listed in the first column. The
transmitted power is the percentage of incident power, averaged over all inputs and out-
puts, that would emerge from the outputs for the conventional Butier-network configura-
tion. The remaining power emerges from the input ports. It is seen that the transmitted
power decreases as the isolation decreases and as the number of rows of couplers in the
network increases. For the reflective-network configuration, the input and output ports
are combined, and the components emerging from these ports are alse combined. The RMS
amplitude and phase errors describe the effects of these spurious components on the
combined outputs and are defined by

—

N N 1/2
M:ZEQMQ
k=1 2=1
N2
and
-
N N 2 1/2
Ag = ZZ (’Pkn‘%e) ,
k=1 02=1
N2

where Ab and A¢ are the RMS amplitude and phase errors, respectively, s,p is an element
of the scattering matrix S,

N N
5= ls N2,

k=110

-

10
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¢pp is the phase of s, ¢, and ¢}, ¢ is the phase of s, for the ideal network with no errors.
The error components increase with the number of rows of couplers and with decreasing
isolation.

A computer program for carrying out these calculations is listed in the appendix.
In addition to providing for imperfect reverse parameters of the hybrid couplers, the

o7 ™ m e 1 Aannoanting
program provides for imperfect forward parameters and for errors in the interconnecting

transmission lines.

CONCLUSIONS

An exact analysis procedure has been developed that is applicable to both conven-
tional and reflective Butler networks with imperfect components. The analytical procedure
has been programmed for computation of results for conventional and reflective Butler
networks of arbitrary size. Results are presented for eight-port and 16-port reflective
networks using hybrid couplers with varying degrees of isolation. The results are given in
the form of radiation-pattern factors that would be obtained from a linear antenna array
fed by the network and also in terms of the RMS phase and amplitude errors of the net-
work transfer coefficients.
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Table 1 — Computed Statistical Parameters for
Eight-Port Reflective Network

Isolation Transmitted | RMS Amplitude | RMS Phase
(dB) Powc_ar (percent Error Etror
of incident) (percent) (degrees)
10 54.85 30.25 38.69
15 80.76 19.42 23.53
20 93.20 12.30 12,97
25 97.77 7.30 7.16
30 99.29 4.21 3.99
35 99.77 2.39 2,24
40 99.93 1.35 1.25

Table 2 — Computed Statistical Parameters for
16-Port Reflective Network

Isolation Transmitted | RMS Amplitude | RMS Phase
paiug Power (percent Error Error
as) of incident) {percent) {degrees)

10 44,92 47.29 50.58
15 76.30 31,96 30.95
20 91.49 20.41 12.66
25 97.19 11.67 6.91
30 99.10 6.61 3.84
35 99.71 3.73 2.16
40 99.91 2.10 1.22
16




Appendix
COMPUTER PROGRAM FOR ANALYSIS

This computer program computes the coupling coefficients from the input ports to
the output ports and the power tra.nsmltted and reﬂected it also plots the array radiation
pattern if it is desired. The type of Butler matrix analyzed by this program can be either
a conventional or a reflective type as described in this report. For this program three input
data cards are required. The first data card enters the fellowing fixed-point (I5 format)

data:
NPT — Number of ports of the Butler matrix to be computed.
NROW — Number of rows of this network.

KLL — Absolute value of KLL represents the beam index whose pattern is to be
plotted. If KLL = 0, there is no plot. If KLL is less than 0, the program
plots the array pattern and also plots all main beams formed by the

BRutler matrix network,

LPRINT — Printout contrel. If LPRINT = 0, the program prints all detailed output at
each computation step.

The second data card, which is also in a fixed-point I5 format, specifies the number
of ports in each basic coupling network in each row. This implies that identical coupling
networks are used in each row. However, coupling networks of different ports may be used
in different rows.,

The third input data card, which has a F10.6 floating-point format, specifies the
coupling coefficients of the 3-dB coupler used as the basic building block of the Butler
matrix network. These coefficients are read in the sequence Al, B1, C1, D1. These
numbers are related to the coupling coefficient of the 3-dB coupler by the relations (see

Fig. 1a)
* e Ly

52 = 10-(0 05 x Bl)’
oy = 10-(0.05 x Cl),

and

ay = 10-€0.05 X D1)

17
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PROGRAM RFEMTX

THIS PROGRAM FIRST FIGURES GUT BUTLER MATRIX CONNECTION AND PHASE
ANGLE o+ COMPUTES THE TRANSFER FUNCTION AND THEN PLOT THE PATTERN
KRATRIX LIKIT 7O THE SIZE OF 64

CONPILED ON JULY 13,1976 BY J. K. HSIA®

REVISED ON AUGUST 18,1976 BY J. K. H5IAD

ABSOLUTE VALUE OF XKLL REPRESENTS THE BEAR INDEX WHOSE PATTERN IS
TO BE PLOTTED

KLL=0 N& PLOT

KLL GRATER THAN O PLOT PATYERN ONLY

KLL LESS THAN O PLOT B8OTH PATTERN AND MAIN BEAMS

LLL=3s FULL MATRIXy LLL=0 REFLELTIVE RATRIX

LPRINT =0, PRINT ALL DETAILED OUTPUTS

IF LPRINT NOT FQUAL 0 NO MATRIX MULTIPLICATICN RESULT IS PRINTED
IF LPRINT LT O PRINY ONLY THE TRANSFER FUNCTION
CONMEN/CSL/PLTAY(S500Q)

COMMIN/CS4/AL4A2,81,82

CIMENSTON NBP(16).NBK{163

DIMENSYON MCCB,64)+PHA(By64)

DIMENSION 511(32+432),512(32,32)+521(32+32)5522(32+32)
COMPLEX 511+512+4521,522 '

CALL PLOTS(PLTAY,500,0.)

NMAX=32

KC=0

READ 100 oNTPoNROWNSKLLSEPRINTSLLL

IF(NTP.EQ.0)GO TO 2 :

READ 100, (NBPLIdsI=1,NROW)

FORMAT(1615)

READ 101, AlsA2,851,82

FORMAT(8F10.6)

IF(KC.GTLOXCALL CRIGIN(14.,y0.)

KC=KC+1

NR1=NROW+1

CALL NTWKCNTPyNR1sNBPsNBKsMC4PHA)

IFCLLL.GT.0)GO TO 4

CALL HLFRTIXONTPyNR1l; NBPNBK+MSsPHA)

LALL TRFMIX(NRAXoNTP NR]1 sNBPNBKsMCsPHALS11451255214522)
LL=0

CALL PRTOUT(NTPsS521+511»LL sNRAKSLTFPSLPRINT)

LTFP=]

IF(KLL.EQ.0)G0 TO 1

NPAV=1

CALL PATERN (NTPyS21sS11sKLLsNPAV,NHAX)

69 To0 1

CALL ENDPLTY

END

18
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SUBROUTINE PRTOUTCNTP,TRFF, TRFB,LL 4NKX4LTFP,LPRINT)
LLGT.0 FER BLOCK, ANC LLIS THE BLOCK NUMBER

LL=0 FOR OVERAL TRANSFER FUNCTION

DIMENSION TRFFCNMX ¢ NMX), TREB(NMX ¢ KMX)

COMMON/CSA/AT A2 481,82
COMMON/CS$6/AMPT(324532) 4 ANGLC32,32)5ANGT(32), TRFF2(32+432)y TR(32,32

CYsAMPAV(32) s ANGAV(IZ )4 ANXC32) 3 ANX(32) 5 AMPRMS (32 )+ ANGRMS(32),

C SUMRC1824)
COMPLEX TRFF,TRFB,
KC=0
PI=3.1415926536
RAC=180./PT
K&=6
LLL=0
IF(AI oLELOeaOR oLL-GT-U)LLLzl
IFCLLLLE.0)GO T8 1
PRINT 101,LL
FORMAT(//420Xs "THIS IS THE TRANSFER FUNCTION OF BLOCK-,I5)

GO T 4

PRINTY 111

PRINT 106

FORMAT(/ /420X, "OVERAL TRANSFER FUNCTION)

IFCAl.6T.0.2G0 Ty 3

PRINT 119

FORMATC/ /510Xy "2ERD REFLECTION®)

GENERATE TRANSFER FUNCTION FOR AN IDEAL BUTLER MATRIX

PRINT 1244NTP,AL

PRINT 117

FORMATC/»20Ks "NUMBER OF PORTS",I5+5Ks "ISOLATIONCDB)*yFLl0a%4/7)
CALL TRFIDLCNTP)
IFCLTFP.GT.0)60 TO 4
IFCLPRINT .GF.03GO TO 4
PRINT 107, CCAMPTCE ;J);J=1sNTP), I=1,NTP)
PRINT 117

PRINT 107,CCANGLCEsJ)ed=1sNTPI2I=1sNTP)

PRINT 117

IFCAL.LELD.)K6=2

00 60 K=1,Ké

SUM=0.

DO 15 I=14NTP

SUMRCI)=0.

IFCLPRINT GT.0)GO T8 15

GO TA (71472573, T49T6sTTIK

PRINT 102

FORMATCS/,20X; "ANPLITUNE OF FORWARD TRANSFER F
PRINT 117

FORMAT(/)

GO TO0 75

PRINT 103 :
FORMATC/ /420X “PHASE ANGLE OF FORNARD TRANSFER FUNCTICN®)

RFEFZ23 TR, SR

J
v
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004¢ PRINT 117
0041 63 T8 75

0048 T3 PRINT 104

0049 104 FORMAT(/7520X, "AMPLITUDE OF REFLECYIVE TRANSFER FUNCTION®)
0050 PRINT 117

0051 60 Y0 75

0052 T4  PRINT 105

0053 165 FORMAT(/ /520X, "PHASE ANGLE OF REFLECTIVE TRANSFER FUNCTION®)
0054 PRINT 117

0055 €0 10 75

0056 76  PRINT 109

0057 109 FORMAT(//7420X,“AMPLITUDE OF THE RESULTANT TRANSFER FUNCTION®)
0058 PRINT 117

0059 G0 10 75

0068 77 PRINT 110

0061 110 FORMATC//7420%, "PHASE ANGLE OF THE RESULTANT TRANSFER FUNCTION®)
0062 PRINT 117

0063 75 00 67 I=1,NTP

0064 DO 70 J=1,NTP

0065 GO TOC6156296364b65,66)K

0066 61  ANGTCJI=CABSCTRFFCT,J))

0067 ANGT2=ANGT(J Ias2

0068 SUM=SUM+ANGT 2

0069 SUMRCJ)=SUMR CJI+ANGT2

0070 60 To 70

0071 62  TFCLPRINT .GY.0)GO T@ 70

00712 ANGT CJ)=CANGCTRFFCT 0) JaRAC

6073 68 TO 70

0074 63 ANGTCJISCABSCTRFBCI4J))

0075 ANGT2=ANGT(J )*%2

0676 SUR=SUM+ANGT 2

0077 SUMR CJ)=SUMR CJ)+ANGT2

0078 63 Ta 70

0079 64  IFCLPRINT .GY.0)60 T8 70

008¢C ANGT CJ)=CANGCTRFBCIsJ))#RAC

0081 GO T8 70

0082 65 TRCI4J)  =TREFCI4J)+TRFBCILJ)

0082 ANGT(J)=CABSCTRCIL4))

0084 ANGT2=ANGT (S %22

0085 SUMRCJ)=SUMRCJI+ANGT2

0096 SUN=SUNM+ANGT2

0087 IF(LLL.GT.0)GS T¢ 70

0098 ANPT (T 9 )=CANGTCII-AMPT (L5 ) )/ANPT(LJ)

0089 60 TO 70

0090 66  ANGTCJ)=CANGCTRUT,J) }*RAC

0091 IFC(LLL.GT.0)GO T8 70

0092 AG =ANGTCJ)-ANGLCE 0 )

0033 ANGLCJy I)=A6

0094 IFCABSCAG).LE.180.)60 TO T0

0095 NSIGN=1
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009¢ IFCAG.GT 0. INSIGN=-1

0097 ANGLCI+J)=NSIGN»(360.—-ABSCAG))

0098 10 CONTINUE

0099 IF(LPRINT .GT.0)G0 TO 67

0100 PRINY 107, CANGTCJ) o J=14NTP)

0101 107 FORMATCI0Xs 8F10.4)

0102 67 CONTINUE

0103 KNOD=MOD(K92)

0104 IFCKMOD.LE.0)GO T6 60

0105 PRINT 122y5UN

0106 122 FORMAT(//,L0X,"TOTAL POWER OUTPUT"4Fl0.4)
0107 PRINT 123,(SUMR(IDsI=1+NKTP)

0108 123 FORMAT(//510Xy "POWER FROM EACH PORT "4/ (10X, 10F10,4))
G109 60 CONTINUE

0110 IFCLLL.GT.0)GO0 TO 7

0111 IFCLPRINT .GT.0)60 TU 8

0112 00 50 L=1,2

0113 GO TA (51,52)L

0114 51 PRINT 120

0115 120 FORMAT(/7920Xs "ERROR FUNCTION"9/7320Xy "ANPLITUDE /)
011¢ GO TO 53

0117 52 PRINT 121

0118 121 FORMAT(//7420Xs “PHASE ANGLE",/)
0119 53 00 50 I=14NTP

0120 G0 TO (54,55)L

0121 54 PRINT 107y CANPT(J3I)4J=1,NTP)
0122 GO T8 S0

0123 55 PRINT 10T7s CANGLC(J3¥)9J=1sNTP)

0124 50 CONTINUE

0125 IFCLPRINT .LYT.0)RETURN

012¢ PRINT 111

0127 8 DG 59 L=1,2

0129 DO 57 I=14NTF

0129 IF(L.GT.1.AND.I.GT.12GY TO 58

0130 ANGS=0.

0131 ANPS=0.

0132 ANGX=0,.

0133 AMPX=0,

0134 58 00 56 J=1sNTP

0135 AMPS=AMPS+ANPT(JsI1)

013¢ ANGS=ANGI+ANGL(Js I

0137 IFCAMPTCJyI).GTLANPXDANPX=AMPT(J,1)
0138 56 IFCABSCANGLCJI3I)) «GTLABSCANGEY IANGX=ANGL(JsI)
0139 IF(L.GT.13G6 TO 57

0140 AMPAV{I)=AMPS/NTP

0141 ANGAV(I)X=ANGS/NTP

0142 BHX( I)=AMPX

G143 ANXCI)=ANGX

01454 ST CONTINUE

0145 IFCL.GT.1)G0 TO 59
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0146 PRINT 117

01417 PRINT 1075 (ARPAVIK)sK=1,NTP)
0148 PRINT 117

0149 PRINT 107, CANGAVIK)K=1:NTP)
0150 PRINT 117

¢151 PRINT 103, (ARMK{K),K=1,NTP>

0152 PRINT 117

01572 PRINT 107 CANXC{K)oK=14NTP)}

4154 PRINT 1L7

0155 59 CONTINUE

01546 ANPS=AMPS/NTP 222

0157 ANGS=ANGS/NTP*+2

0158 ANGSST=0.

0159 ANP55T=0.

0160 DI 80 I=i«NTP

0161 ANGSS5=0.

0142 AMP55=0.

0163 DO 81 J=1,NTP

0164 AMPSS=ANPSS+CAMPT( Uy 1) -AMPAV(]) ) 842
0156% ANGSS=ANGSS+ (ANGL (Js1)-ANGAY(I) a2
016¢ AMPSST=AMPSST+(AMPT(Js I)-AMPS) &2
0167 81 ANGSST=ANGSST+UARGLCJ» 1) -ANGS) ##2
0168 EMPRMSCID=SQRTCAMPSS /NTP)

016% ANGRMSCLI=SQRT(ANGSS /NTP)

0170 80° CONTINUE

0171 PRINY 107, CAMPRMSCK)K=1,NTP)
8172 PRINT 117

0113 PRINT 107, CANGRMSC(K)sK=14NFP)
0174 AMPSS=SQRTCAMPSST/NTPR%2)

0175 ANGSS=SQRTCANGSST/NTP*+2)

9176 PRINT 117

01177 PRINT 107, ANPSsANG S+ AMPXyANGX s AMP 554+ ANGSS
0178 7 IFCLL.GTLOIRETURN

0179 IFCLPRINT .NE.OJRETURN

0180 PRINT 111

0181 111 FORMAT(1HL)

0182 LI=Ké&/2

g1e2 & DO 10 L=1,43

0184 GO TO (11512,13)L

0185 11 PRINT 112

0186 112  FORMAT(/7420X, "IDEAL CASE"4//)
41813 G0 70 14

0188 12 PRINT 113

0189 113 FORMATC/ /520X, "ACTUAL CASE"s//)
0190 GO TO 14

0191 i3 PRINT 114

0192 114 FORMAT(/ /920Xy "DIFFERENCE®y/7)
0193 14 00 30 I=1+NTP

0194 00 30 J=1,NTP

019% SR=C¥PLX{(04+40.)
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019¢& DO 40 K=1,NTP

0197 GO TO0 (4154254300

cl19e 41 SR=SR4TRFF(I+KI*CONJGC(TRFF2(J4K))
019% GO TO &0

0200 42 SR=SR+TRCIsKI*CONJGCTRFF2(JyK))
0201 GO TO 40

0202 43 SR=SR+TRFB(E+K)*CONJG(TRFF2(JsKD))
0203 40 CONTINUE

0204 ANGLCI+J)=CANGCSR)*RAC

020% 30 AMPT(I,J)=CABS(5R)

0206 D0 20 K=1,2

o207 GO TO (21,22)K

0208 21 PRINT 115

0209 115 FORMAT(20X, "ANPLITUDE"+/)

021¢ GO To 23

0211 22 PRINT 116

0212 116 FORRATC//7520%s"PHASE ANGLE®, /)
0213 23 DO 20 I=1,NTP

0214 GO TO (24425

021s 24 PRINT 107y C(AMPT(I+J)sJ=1sNTP)
021¢ Go To 20

0217 25 PRINT 107, CANGLCIsJ)»J=1sNTP)
0218 20 CONTINUE

0219 10 CONTINUE

0220 IF{ KC.GY.0)RETURN

gz221 IFCA1.LE.O.)RETURN

0222 PRIKT 118

0223 118 FORMATC1H1,10Xs "REFLECTION MATRIX IS USED"y//)
0224 DO 5 I=1,NTP

0225 D8 5 J=1,NTP

022¢ 5 TRFF2(IsJI=TRFF(I,+.})

0227 KC=KC+1

0228 GO TO 6

0229 END
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SUBRCUTINE TRFMTX(NMy NN NRIGNBP NBK MC oPHASY1 25125219522}
DIMENSTON NBP({16),NBK{16)

DEINENSION MCUNRL,NN) o PHACHKRL ,HNHN)

CIMENSTON S11CNMyNM)S12(NMyNM);S21(NMoNN),S22{NM,NK)
COMMON/CSS5/7TI1(3293239T12C32532)4T21032+32)5T22C322:32)
COMMON/CS6E/R11(32:32),R12(32432),R21(32432),R22(32,32)
DIMENSIGN SS11(8yB8)9S5512(Bs8),5521(8:8)95522(8,.8)
DIMENSIAON MCT(32)

COMPLEX S1148512,5210522eT711eT12.T21,T22R114R12,R2L4R22.AR5511,
C551258521,58822

FIRST INDEX ROW

SECOND INDEX COLUMN

Do 10 I=1sNR1

TRANSFER MATRIX IN CONNECTION REGION

D 11 L=14NN

LL=MC(IsL)

ACTCLL)=L

PRINT 102, (MCCIL )l =1 4NN)

PRINT 1024(MCTCL)sy L=14NN)

PRINT 101 (PHA(IsL }sL=1sNN)

FORMATC(/72(10%X,815))

FORMATLZAZ 4 (10X ,8F10.4))

DE 20 J=1¢NN

00 20 K=14+KN

T1I1CJoKI=CHPLX (049 0a)

TE2CJoKI=CMPLE(Qu s

T21C e KI=CMPLX(0.90.)

T22(JeKI=CMPLX(Dar 0ol

IFCNCTCUYLNELKYGT TO 20

T11C(J+KI=ARCPHA(TIHJ)) .

T22CJsK)=CONJGCTLIL(JsK))

CONTINUE

PRINT 100,CCT1ILC(MNIyN=1+NN)sM=1,NN)

PRINT 100,CCT22C(MaNIoN=1sNNIsM=1sNN)

IFCL.G6T.1)68 To 21

DO 22 J=1.NN

Do 22 K=1,NN

R11CJI9KI=T11{JeK)

R12CJs K)=CHPLXCD.s0.)

R21( oKX =CMPLXCD.90.+)

R22{IeKI=T224J 4K}

Go TO 23

CALL MTXMLTUNM NN, Ti1oT12+4T214T22,R114R124R214R22)
PRINT 100, CCRELI(MyN) ;N=1sNN)sH=1,NN)

PRINT 100,L(R1I2(M NI N=1,NN) . H=1.NND

PRINT 100, CCR21CMeN) N=14NNIsN=1:NN)

PRINT 100,CCR22CM NI N=14NNIgM=L4NN)
FORMATC/ 73 CL0X8F10.4))

IFCI.EQ.NR1)GO TG 10

TRANFER MATRIX IN BLOCKX REGION
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0050
0051
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0053
0054
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0058
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0060
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006¢
0067
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0C6s

QoT0
0071
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004
007Ss
007¢
0077
0078
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0080
ocgl1
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Qo081
0084
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0087
0038
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009G
0g91

0092

0G93
0094

nnas
LUR R ]
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0ce?
0098
0099
0100
o101
0102
0103
0104
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NP=NBP(I)

IFCI.LE.1)GO TQ 26
IF(NP.EQ.NEBPCI-133G0 70 27
CALL BLRCBsNPyS51145512,5521,5522)
RESET S MATRIX

DT 24 J=L1eNN

00 24 K=1,H8N
S11CJesKI=CMPLX(0.50.)
S12(JeK)=CHPLX(0.+0.)
S21CJeKI=CMPLX (09 04)
§22CJ4KI=CHPLX(0.90.)

DO 25 J=1,NN,NP

D3 25 JJI=1.NP

J1=JJ=-1

K1=KK-1

SL1CJ+J1sJ+K13=5S11CJJsKK)
S12CJ+J1,J+KE)=5512(JJ,KK)
S21CJ¢J1,,J+K1)=58821CJJ4+KK)
S22CJ4J14J#K1)=5522CJJ4KK)

CONTINUE

PRINT 100, CCSEL(MsNIsN=1sNNIM=1,NN)
PRINT 100, C(SL2CNsNI4sN=14NN)sH=1,KN)
PRINT 100,C(S21(MsNI4N=1,NN),H=1,NN)
PRINT 10QsCCS22CNyN)sN=1sNN)sH=14NN)
INVERSE S-MATRIX

CALL INVSLICNMsNN,512)

CALL STYTRF(NM,NN,S11,512+521,522+T11,T12,T21,722)
PRINT 100sCCS11(MyNDIsN=14NN)sM=1sNN)
PRINT 1005 CCSL12CMs ND)yN=1,NNIyM=]14NN)
PRINT 100, (C(S21(MsNI4N=1,NN)sM=1,NN)
PRINT 1004 ((S22(MyNIsN=14NNIsM=14NN}
DO S0 J=1,NN

DT 50 K=14NN

T11CJsKI=5110JK}

T12CJsKI=512CJ2K)

T21CJaK)=521(J+K)

T22CJ4KY=322CJ,KD

CALL MTXMLTCNM4NN,T11.712,721,T22,R11,R12,R214R22)
PRINT 100, ((RII(FyN)yN=-FoNNIoR=1sRND
PRINT 100, CCRI2(My NI ,N=24NN)sN=1,NN>
PRINT 1005 CCR2ZIC(MyNDIoN=14NNIsP=14NN) |
PRINT 1009CCR2Z(IMyNIsN=1sNND»M=1,NN)
CINTINUE

CALL INVS1CNMy,NN,R22)

BC 40 J=1,NN

00 40 K=s14NN

512(JsKI=R272(J2K2

S21CJsKI=R22(J,K)
Sll(JoK)=CHPLX(0-s0.)

S22 JyK)I=CHPLX (049 0a)

Na 40N 1 -1 Ml
Uy TY LT i1giv

CS11CJ9KI=S11 (I KI-R220I+LI*RZL(L4K)

S22(JeK)=$22CJeKI+R12CJsLI#R22(L+K)
CONTINUE

PRINT 1004CCSIICMsNY 4N=14NN)sM=1,NN)
PRINT 1004,CCS12CM NI sN=14NN)sM=1,NN)
PRINT 100sCCS21CMsN)sN=1sNN)IsM=1;NN)
PRINT 100,CCS22CHyN)sN=14NN}sR=1,NN)
RETURN

END
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SUBROUTINE STRFCNMoNN,NRLoNBP  NBKMC o PHA,S11,522,45215522)
OIMENSTEN NBP(16)sNEK(16)

DIMENSION MCCNRLyNND,PHAINRL 4NN) _
DIMENSTON SLICNMsNM),ST2CNMNM) 3S21CNM (NM) 5 S22CNMyNN)
COMMER/CSS/T11(828)4T12(8+8)9T21(858)5T22(B+8)9R11(8+8)9R12(248),
C R2Z1(8+8)4R22(B48)ySPACECTLEB)

OIMENSION MCT(32)

CIMENSIEN SS11C€2,2),5512(2,23,5521(2,2),5522(2+2)
COMPLEX S119512,521+52207119712,T21,T22,R119R12sR215R229AR,S511
£5512,55215 5522

CALL TWOPT(SS11,5512,5521,5522,2)

1ST INDEXsCOLUMN

2ND INDEXsROW

00 10 I=1,NR1

TRENSFER BATRIX IN CONNECTION REGION

DO 11 L=14NN :

LL=MCCI4L)

MCTCLL)=L

00 20 J=14NN

D8 20 K=14NN

TLILCKI=CHPLX(0,40.)

T12(J4K)=CMPLX( 0. s0.)

T21(JsK)I=CHPLX (050D

T22CJsK)=CHPLX (044 0.)

TF(MCTCI) (NE.KIGO T6 20

T11(JoK) =ARCPHACL 4 4))

T22{JyKI=CONIGCTLI1CU5K))

CONTINUE

IFCILGT.1360 To 21

DO 22 J=1,NN

D6 22 K=1,NN

RELCIsKI=T11(dsK)

R12CJsKI=T12CJsK)

R21CJ9KI=T21CJd KD

R22(J+K)=T22CJ 4K)

58 T¢ 23

CALL WTXMLTCNMoNNs  T21,712,T21,T22,R11,R12,R21,R22)
IFCI.EQ.NRIDGO T9 1¢

TRANFER MATRIX IN BLOCK REGION

RESET S MATRIX

NP=NBP(1)

IFCI.LEL1)G0 T0 26

IFCNP.EQLNBPCI-1))G0 T9 27

DE 24 J=1.NN

DO 24 K=1,NN

$11¢JsK)=CMPLX(0.50.)

S12CJsKI=CHPLX(0a90.)

S21CJsK)=CHPLX(04y04)

522(J9KI=CHPLX(Cu 90.0)

L8 25 J=1,NN,NP

26




0044
0045
0046
0047
0048
0049
00s¢e
0051
0052

0053
0054
0055
005¢&
0057
0058
0Css
006C
0061
0062
0063
0064
0065
006¢
0C617
0068
0069
00710
0671
0012
0073
0074
go7s

0001

nAAND
vuuveo

0003
0004
Q005
0006
0007
0008
0009
001490
0011
tor2
00113
0014
0015
001¢
0017
0018
0019
0020
0021
0022
0023
0024
0025

25

27

S0
10

40

30

31

20

NRL REPORT 8392

DY 25 JJ=1,NP

Ji1=JJ-1

L0 25 KK=14NP

K1=KK-1

SL1CJ+dl s J#K1D=5511¢CJJKK)D
SL2CJ+J1,J4+K1)=5512C JJ4KK)
S21CJ+J1,J4K123=55210JJ+KK)
S$22CJ+J19J+K1)=5522CJJ»KK)

CANTINUE

INVERSE S—-MATRIX

CALL INVS2(KNM,NN,S12)

CALL STTRF(NMyNNsS11951255219522+T11,T7124T721,T22)
DO 50 J=1»NN

0O 50 L=14NN

TLI1C(J+KI=511(Je KD

T12(JsKI=8512CJ,K)

T21(JsK)=521Cd4K)

T22(JsX)=522CJsK)

CALL MTXMLTCNMysNNyT119T124T21s7224R114R12,R214R22)
CONTINUE

CALL INVS2(NM,NN4R22)

DO 40 J=1yNN

DU 40 K=1,KNN

512CJKIX=R22(J+K)

$21CJsKI=R22CJ+K)
S1L{JsKI=CMPLX(0.90.)
S22CJyKI=CNPLXC(0.40.)

CO 40 L=14NN
S1TCJeRI=S11CJeKI-REZUIpLIXRZITL 4K)
S22(JaK)=S22(JKI+R12CJyLI%R22C(L+K)
CONTINUE

RETURN

END

SUBROUTINE STTRECNMyNN,511,51245219522eT115V125T214T22)
THIS SUBROUTINE INVERSES § MATRIX AND STORES IN T
DIMENSION SLICNH,NM),SI2{NM NR) 9 S2LINN,NRYy S22CNFyNH)
DIMENSTON TL1CNMyNM),TL2CNMaNM) 3 T21CNMyNMD 5 T22CNM,NHD
COMPLEX SI15512,521,522,T11,T12,T21,T22

DO 30 J=1,NN

DO 30 K=1,NN

122(JsKI=S12CJ4K)

T21C3:K)=CHPLX( 0.5
NG 30 L=1,NN
T21CJK)=T21CJ4K)I~S12CI4L) #5211(L4K)
0C 31 J=1.N8N

DO 31 K=1,NN

T12(J2K)=CMPLX(Qus04)

TI1CI,K) =521¢J:K)

0O 31 L=14NN
T12CJ9K)=T12CJsKI+$22CJoL I#512CL oK)
TELCHKI=TILCJoK) +S22(JsL 3#T21CL oK)
DO 20 K=14NN

DI 20 J=14NN

S11¢JsKI=T11(J4K)

S12C(JoK)=T12(J,K)

$21€J,K)=T21(J,K)

$22CJsK)=T22(J+K)

RE TURN

END

Nn_n
Ve 7
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gool SUBROUTINE MTXMLT(NMaNNIRILoR12sR214sR225TL15sT124T21:T22)
C THIS SUBROUTINE WULTIPLE SUBMATRICES R*«T THEN STORE THE RESULT
C IN R
C S=Rx*»¥
C S1I1=R11xT11+R12%721
¢ $12=R11+T12+R124722
C S21=R21+T11+R22%721
C §22=R21xTI2+R22%T22
0002 DIMENSTION TT1(32,320,TT2(32,32)
0ag3 DIMENSION TIICNRINMI TI2{NM NN} s T2I(NM KNS T220NM NN)
0004 DIMENSIGN RI1CNMaNM)sRI2CNMaNMIoRZTI(NMINM)R2ZCNM,NMD
8845 COMPLEY Tl1eT12:T212T22,R114RIZaRZ1aREZ,TTLI9TT2
000¢ PRINT 101%
0007 PRINT 100, (CRITCHNIaN=1 4NN M=1,KN)
0008 PRINT 1005 CCR1IZ2(MyNIpN=1sNN),H=1sNND
0009 PRINT 1009CCR2ZLI{MyNIoN=1,NN)N=14NN)
0g1n PRINT 1004CCR22(%sN)yN=1,NN)yM=14NN)
0011t PRINT 100+C(T11CMyNI¢N=14NNIsM=1sNN)
noiz PRINT 100, CCTI2{NM NI N=1 NN M=l NN)
00113 PRINT 1005 (CT21(M®,N)sN=1yNN)sM=1,4NK)
0014 PRINT 1005 CCT22{MRIoN=T1aNNIoM=1 NN
0015 PRINT 1061
0016 100 FORMATC//7+010%X,8F10443)
0017 101 FeRHnI(I,".....-I"..‘....".'......-...‘.-.-'....',’)
0018 D6 10 J=1lyNN
8019 DB 10 K=14NN
002¢ TTLICJ9KI=CHPLX (Vw904
0021 TT2CHKI=CMPLE(C.s0.Y
0022 DO 10 L=1+NN
0023 TTIC W KY=TTLL I K)#R1ICIL L) #T 1L {L4KY4R12CJ4LDI*T21C(L4KD)
0024 TT2CJeKI=TT2CIsKI+RILCISLI*TLI2(LKI+RL2CJIoLIT22(L4K)
0025% 10 CONTINUE
0026 D0 20 J=14NN
0027 06 20 K=1,4NN
0028 R11CJyK)=TT1(JsK)
0029 20 R12CJI4KI=TTZ{J9sK)
0030 DI 30 J=1sNN
0031 D0 30 K=1+NN
00372 TT1(JyKI=CHPLX(0.,0.)
0033 TT2CheK)=CHPLX(0.s04)
0034 08 30 L=14NN
06135 TTICI9K)I=TTICI3KI+RZLCISLI*TLI (L KIHR22{ISLI*T21(LHK)
0036 TT2CIeK)=TT2CIoKI+R21CIWLISTI2CL 3 KI4R22CIILI4T22(L4K)
0037 30 CONTINUE
3038 00 40 J=14NN
003% D& 40 K=1sNN
0040 RZL{HKI=TTLI(Je KD
0041 40 R22CJKY=TT2CJKD
0047 00 50 J=14NN
0043 D3 50 K=14KNN
0044 T11CJsKI=R11(JsK}
0045 T12{J+K)=R12(JsK)
004 ¢ TZICJyK)=R21IC(IeK)
0047 50 T22CJsK)=R22(J4K)
0048 RETURN
DO4&¢ END
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SUBROUTINE PATERN (NTP TRFF,TRFB4KLL JNPAV,NNX)

ABSOLUTE VALUE OF KLL REPRESENTS THE BEAM TINDEX WHOSE PATTERN IS

TO BE PLOTTED

KLL=0 NGO PLOT

KLL GRATER THAN O PLOT PATTERN ONLY

KLL LESS THAN O PLOT B8MTH PATTERN AND MAIN BEANS

COMMEN/CSL/PLTAYC(S500)

DIMENSION TRFF{NMX ¢NMX) ¢ TRFGCNMX ¢NMX)

CORMON/CSS /PEARK( B4 9100 ) s PRAXTEAIWPAVIGA ) » PRAV(G64I 4 KINDLI( 64D
KIKND2C64),PEAKDBC100) ,SPACECLI3T2)

COMMCN/CS6/CONTACA096),SINTACLO96)

COMPLEX TRFF4TRFB,S

Z(X)=10.#ALAGLOCXD

PRINT 104

FORMAT(1HL)

PI=3.,1415926536

ATR=PI/180.

KPLOT=TABS(KLL)

NTP2=NTP/2

PLOT FRAME

vl —aon
T3W=0Ue

NY=YSL

XSL=180.

NX=XSL

HN=5.

5Y=2.

XM=10.

YM=5,

Y5=2.

YSH=YSeYN

NTA=20+NTP

NTAL1=NTA+1
TAINC=PI/NTYA

PNOR=NTP

CALL PHASANCYAINC,IKA)
KL=1

IFCKLLLT.0XKL=2
RTBLIN=2+NTA+1

DO 1 I=14NTP

D0 1 J=1,4NTP
TREF(IgJI=TRFF{I,J)+TRFBCL,+J)
00 20 IL=1,KL
IFCIL.LT.2)G0 YO 25
CALL PLOTO(XM¥4,50.+-2)
NTALN=NTAL

KSIGN=1

CALL FRAME(XMsYM,XSLyYSLy SYsHNsNX,NY)
08 20 K=1,NTP2

KK=0

KFLAG=(
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KMI=1

KPCONT=1

KMIND=1

KMA=0

LEDGE=0

DO 30 TJ=1«NTALN

IFCIL.GTL1IGO TO 23

NSIGN=-1

IFCTIJ.GE.NTALINSIGN=L
I=TJ-NTAl +NSIGN

GO T0 24

I=14

II=TABSCI)

I1=11-1

PAR=0.

PAI=0.

IFCILL.LTYL.2360 TOo 21
TFCILLLT.KIND2CKY OR.I.GT.KIND2CK))GO TO 30
IFCY.EQ.KINDE(KDIII=1

DO 40 J=1,NTP

S=TRFF(J+K)

JNOD=MODBCJIIKR)
IFCJMEDLEQ.0)JMOD=TKA
PAR=CONTACIMNODI*REALCSY-SINTACIUOD I ALKAGCS I «NS IGN+PAR
PAI=CONTACIMOD CATIHAGCS I+SENTACINODI®REALLSIaNSIGN+PAL
CONTINUE

PAT=PAR$$24PATS#2

PAT=PAT/PNCR

IFCIL.EQ.2)GE 7O 22
IFCIJJELLIGO TO 31
IFCPAT-PAT1)32,31,133

EXAMINE IF A MAXIMUM IS PASSED

VHT =1
ROL=1

IF(IJ.EQ.2 ML EDGE=1
IFCKMALLELO0)XGO TO 31
IFCPATL.LELPEAK(K XPCONT ) GO T2 34
KIND1CKI=KMIND

KFLAG=1

KPLONT =Kkl

KK=KK+1

PEAK(KsKK)=PAT1

KNA=0

GO Te¢ 31

EXAMINE IF A MINIMUM IS PASSED
KMA=1

IF(XMILLE.0)GO TO 31

KMIND=I-1
IFCKFLAG.GT.O)KIND2¢(K)=I~-1
KFLAG=(
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0092 KNI=0Q

0093 31 PAT1=PAT
C PLOT PATTERN FOR A GIVEN BEAW

0094 IF{K JNELKPLATYGA TT 30

009s IFCIJ.LT.KTALIGA TO 30

009¢ 22 DB=I(PAT)

G091 Y=(l+DB/YSL)Y*YNESY

0098 IFCY.GT.YSMIY=YSN

0c99 IFCY LT SY)Y=SY

010cC P=I-1

0101 A=PEXMINTA

0102 IFCII.EQ.1XGO T0 3

0102 CALL PLOT(XsY,2)

Q104 GO0 TY 30

0105 3 CALL PLOT(X,Y,3>

010¢ El CONTINYE

0107 IFCIL.GE.2)GO TO 20

0108 IFCKMALGTL0XGO TO 42

010% IFCKPCONT LEQ.KKIKIND2CK)I=NTAL

011¢ IFCKTIND2(K).LE.OIKIND2(K)=NTAL
C DELETE THE MAIN LOBE

0111 GO TO 43

0112 42 IF(LEDGE.LE.0)GE TO 43

0113 KK=KK+}

0114 PEAK{KsKK)=PAT:

0115 43 00 44 I=14KK

011¢ 44 PEAKDBCID=10.+ALOGLOCPEAK(X+1I2)

0117 PRINT 102+K

0118 102 FORMAT(//220Xs "BEAM INDEX",I5)

0119 PRINT 101,C(PEAKDBCI) I=1,KK)

G120 KK=KK-1

0121 DO 53 L=1sKK

0122 IFCL.LT.KPCONT )60 TQ 53

0123 PEAK(K L)=PEAK(K, L +1)

0124 53 CONTINUE

0125 PMAX(K)=0

g12¢ PSUM=0.

0127 PRINT 101 ,{PEAK(K,I)I=1,KK)

o128 101 FORMAT(/74(10%+10E12.4))

012$ 00 50 L=1,KK

0139 IFCPEAKCK L) JGTLPMAXCK) IPRAXCK)=PEAK(K,L )

01131 PSUM=PSUNM+PEAK(K,L?

0132 50 CONTIMNUE

0131 PAV(K)=PSUN/KK

0134 PMAXCK)=Z(PMAX(K))

0135 PAV(K)I=Z(PAV(K))

013¢ PRINT 103,PPAX(K)sPAV(K)

0137 103 FORMATC//7910Xs "PEAK sF10.495Xy "AVERAGE *sFl0.%)

0138 20 CONTINUE

0139 RETURN

0140 END
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SUBROUTINE HLEMIXCNTPNRL1.NBP,NBKsMCPHA)
DIMENSTON NBP(16)sNBK(16)

DIMENSION MC(NRIJNTP I+ PHACNRISNTP)
COMMON/CSIIMCT (64)

DIMENSION ANGC64) +ATENP(64)

NN=NR1/2

LL=(NR1+1372-NN

Li=1 NUMBER OF ROWS IS EVEN

ii=0 NURBER OF ROWS IS 00O

CALL PHASUMUNRL NTPoNBP s WL ,PHA,ANG)

D0 10 I=14NTP

II=I

D3 11 J=1:NR1

KK=HC(J,I1)

[FCJ-EQe NNIKKP=KK

TI=KK

CONTINUE

FIND THE JOINY POINT THEN STOGRE IN MCT ARRAY
DG 12 J=1sNN

KKS=ME(Js KKD

" e
l\l\ =-nnhJa

BCTCKKP)=KKS

AVERAGE THE PHASE ANGLES FOR SYMMETRICAL MATRIX
00 13 J=1sNN

JI=RR1-J+]1

INC=MCCJLID

AVO=(PHACJ, INCI+PHACJIIWII) 72,

PHACJsINCY=AVG

PHACJDJS II=AVG

CONTINUE

CORRECT PHASE ANGLE OF THE MIDDLE ROW WHEN THE NUMBER OF ROWS 1S
EVEN

IF{LL.LELO)GO TO 1

N1=NN+1

DO 20 I=1aNTP
II=MC(NL, 1)

IN=NCONL,KCTCID)

ATEMPCII)=PHACNILII)

TECPHACNT y TN+ GT L ATENE CLI) JATENP CIT)=PHACN1 5 TN)

CONTINUE

CORRECT THE PHASE ANGLE BY ADDING THE (SAME EXTRA PHASE YO EACH
PORT IN A BLOCK

NMP=NBP(N1)

NMB=NBK(NL)

00 21 T=14NFB

IMB=(I-1)eNNP

AA=0. N

DO 22 J=1,NWP °

KK=IMB+J

A=ATEMP(KK)-PHACNT9KK)

IFCALGT.ARYIAA=A

CONTINYE

IFCAALLE.0.) 6O TO 21

DO 23 J=1,NMP

KC=IMB +4

PHACNL KK )I=PHACNL s KK )+ 24

CONTINUE

RETURN

CORRECT THE PMASE ANGLES FOR THE CASE WHEN THE NUMBER OF ROWS IS
000
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CALL PHASUMCNRIJNTPyNBPyMC 4 PHALATEMNP)
DO 30 I=1.N¥P

AA=ANGCI)~ATENP(I)

JJ=HC (1,1)

PHA(1sJJ)=AA

PHACNRLI»I)=AA

RETURN

END

SUBROUTINE PHASUMCNRL,NTP,NBP MC,PHA4AS)
ODIMENSION NBP(16)
DIMENSTION MCONRL4NTP)4PHACNRLISNTP),ASCNTP)
DIMENSION LAP(2964) ,ACH4)
SET THE PHASE SHIFT OF THE BOTTOM ROW
NRAW=NR1~1

NN=NBP{NROW)

DT 1 J=14NN

LAP(2sd)=J

ASCJI=PHACL, 1)

KK=NN

D% 10 I=1,NROW

II=NROW-1

I1=1I+1

NN=NBPCII)

IFCII.LE.QDNN=1

DO 12 J=1,NTP
LAPCL3J)=LAPC2,4)
R(IDI=ASCI)

KN=0

DO 20 L=14KK

LL=LAP(1,L)

DO 21 N=1,NTP
IFCACCILyN).NE.LL)GO TO 21
JJ=N

G8 TO 22

CONTINUE

NRD=MOD(JJyNN)
IF(NMD.EQ.Q)INMD=NN

D& 30 K=1,yNN

IND=JJ-NNO+K
IF(NN.EQ.L1)IND=JJ

KN=KN+]

LAP(Z 4XN)=IND
ASCINDY=ACLLY+PHA(CI1,11)
CONTINUE

KK=KN

CONTINUE

RETURN

END
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SUBROUTINE NTYWK(NTP,NRL,NBP4NOBK,NC,PHA)
Ceeee«THIS SUBROUTINE FINDS THE CONNECTION OF A BUTLER MATRIX OR FFY
C GIVEN THE NUMBER OF ROWS AND THE NUMBER OF PORTS IN EACH BLOCK IN
C EACH ROU
CeeesxCOMPILED BY Jo Ko HSIAS
Cesss4FIRST VERSION IS COMPILED ON MAY 3,1976
Ceax*xNTP, NUWBER OF TOTAL INPUT PORTS OR SAWMPLES
C*exsxNROW, NUMBER OF ROWS REQUIRED TU PERFORM THE TRANSFORMATION
CexsssNBP, AN ARRAY STORES THE NUMBER OF PORTS IN EACH BLOCK AT EACH
1 ROW,. EACH BLOCK IN A ROW HAS THE SAME NUMBER BF PORTS
C+*s¢3NBK, AN ARRAY STCRES THE NUMBER OF BLOCKS IN EACH ROW.
CoennxfC,y, A TWO DINENSIONAL ARRAY STORES THE CONNCTIONS OF THE NETWORK.

< FIRST INDEX OF THE ARRAY REPRESENTS THE NUMBER COF CURRENT ROM. YHE
C LOCATION OF THE SECONDG INDEX REPRESENTS THE PHYSICAL LOCATION OF
€ THE PREVIOUS ROW WHILE THE CONTENTS OF IT IS THE CONNECTION TGO THE
C CURRENT ROW :

CIMENSTION MCCNRISNTP)yPHA(NRL4NTP)

DIMENSION NFTSC64)oNBKC(16)+NBP(15)
c COMPUTES THE NUMBER OF PORTS IN EACH BLOCK

NROW=NR1~1

PE=3.1415926536

PI2=PI*2.

KBP{NRL =1

NTP2=NTP/2

DG 10 I=1,.NR1
10 NBKCID)=NTP/NBP(I)
Cesxx NFTS ARRAY STORES THE LOCATION OF THE SAMPLES IN EACH BEANCOR
FREQUENCY SAMPLE). THE STRUCTURE IS CHARACTERIZED BY THS NUNBERS,
NTSsNUMBER OF TEME SAMPLESCOR INPUT PORTS) AND NFS, NUMBER OF
FREQUENCY SAMPLES{OR NUMBER OF BEANS). FOR EXAHPLEs WNFTS((3-1)*
NTS413 IS THE PHYSICAL LOCATION OF THE FIRST TIME SANPLE IN THE
THIRD FREQUENCY GROUP( OR OF THE THIRD BEAM)+THIS IS REPRESENTED
BY LMC

OO A

SET THE INITIAL NFTS ARRAY
DO 11 I=L.NTP
11 NFTS(I)=I
Cxs%x NTS1 IS THE PREVIOUS VALUES OF THE NUMBER OF TINME SAMPLESCOR INPUT
c PORTS)
C#xxx NT52 1S THE CURRENT VALUE

Cesrxs NFSL IS THE PREVIOUS VALUE OF

- Tr .

HE NUBBER OF FREQUENCY SARPLES(OR

c BEAMS)

CHeseaRFS2 £S THE CURRFNT VALUE

C

c

c SET THE INIAL VALUES OF NTS AND KFS
NTS1=NTP
NFS1=1
D0 20 I=1,NR1

¢ MM THE NUMBER OF BLECKS OF THE CURRENT ROW
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c NNy, THE NUMBER OF PORTS IM EACH BLOCK OF THE CURRENT RCW
0Cc1é NM=NBK(I)
00117 NN=NBP(I)
C SET NTSZ2 AND NFS2
0018 NTS2=NT51/NN
0015 NFS2=NTP/NTS52
Cexsxx THE ACTUAL REQUIRED PHASE GRADTENT BETWEEN SUCCESSIVE ELEMENT FOR
c THE FIRST BEAM IS
0020 PAG=PI/NFS52
Cs*x+* THAVAILABLE PHASE GRADIENT FOR THE FIRST BEAM IN EACH BLOCK IS
0021 PSG=PI/NN
0022 KK=0
0023 00 30 J=1l.HN
0924 MODJ=MODCJ4NF5L)
0025 IF(RO0J.EQ.0IMODI=NFSI
0026 JId=CJI=13/NFS1+1
oc21 PAGG=PAG*(MODJI=*2-1)
0028 PASGD=PSG-PAGG
0029 00 30 K=1lsNN
0030 Kl=K-1
4011 KK=KK+1
0032 LMC=(MODJ-1)*NTS1+(K-1)#NTS2+JJ
0033 MCLOC=NFTSCLNMC)
0034 NCCI MCLOL)=KK
00¢3s IFCKK«LE.NTP2)GO TO 31
0036 KKI=NTP-KK+1
0037 PHACTsKK2=PHACI,KKI)
0038 GU TO 3¢
0039 n IF(PASG0.GT.0.)G0 TC 22
0040 PHACI+KK)=ABS(PASGDI«(NN-K)
0041 GO TO 30
0042 32 PHACT 4KKY=PASGD*K1
0042 30 CONTINUE
c RECORDING THE RREQUENCY SAMPLE OR BEAM POSITION INTO NFTS ARRAY
0044 NTS51=NT52
0045 NFS1=NFS2
004s KK=0
c MNS 1S THE NUMBER OF BLOCKS WITHIN EACH GROUP OF FREQUENCY SAMPLES
00417 MNS=MM/NTS1
0048 00 40 J=14NFSL
0045 JAGD=NOD(JNNS)
0050 IFCJNCO.EQ.0)JNBD=MNS
051 JI=CJ=-12/MNS &1
0052 00 40 K=1,NTS1
00513 KK=KK+1
0054 40 NFTSCKKY=(K-1)#NFS51+(JMOD-1)*NN+JJ
0055 20 CONTINUE
005¢ RETURN
4457 END
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0001 SUBROUTINE FRAMECXMYH o XSLpYSL oS YaHNsNXeNY)
0002 COMMON/CSL/PLTAY(500)
0003 YRSY=YMeSY.
0004 HLAB=HN#,035
0005 HLAS=HLAB+.035
000¢ WLAB=4.#HLAB/T.
0607 KSCL=RSL/NX
4006 ¥YSCL=YSL/NY
0009 DY=YH/NY
0010 ¥=5¥
0011 NNY=NY+1
0012 CALL PLOT({0.95Y,3d
0013 CALL PLOT(XMs5Y,2)
0014 CALL PLOTC(XM,YNSYs2)
0015 CALL PLOT(0«yYNS5Y,2)
0016 CALL PLOT(0.25Y¢2)
0017 DO 10 I=1,2
0018 ¥=3Y
0019 IF(1.GT+13G0 T0 12
002C X1=0.
0021 K2=-.2
09022 X3=-.1
0022 G0 Te 13
0024 12 X1=XH
0025 X2=XM+,2
0026 X3=XM+.1
0021 13 DO 10 J=14NNY
oc¢28 CALL PLOT(X1s¥43)
0029 KOOY=NOD(J-1+10)
0030 IF(MO0DY.NE.0)GO TO 11
0031 CALL PLOT(X25Y42)
0032 IF(I.6T.1360 7O 1¢
0033 A=YSCL*(J=-1-NY)
0034 CALL NUMBERC-6.5%WLAB,Y-HLAB/Z.oHLAB sAe04y4HF2.0D
0038 GO TE 10
003¢ 11 CALL PLOT(X32Y42)
0037 10 Y=Y +0Y
RS DY=XNMINX
0035 NXX=NX+1
0040 Bo 20 I=i,2
0041 X=z0a
0042 IFC1.6T.1)60 16 22
0043 ¥1=5Y
0044 ¥2=¥1-.2
0045 ¥3=¥i-.1
004¢& Go T¢ 23
0047 22 Y1=YMSY
0048 Y2=Y1+,2
0049 Y3=Y1l+4.1
GG5¢ 23 00 28 X=1,NXX
0051 KK=K~1
0052 CALL PLOTIXsY1,3)
0052 KODX=MB0(KXs10)
0054 IF(MODX.NE.O0)GO TO 21
4055 CALL PLOT(Xs¥242)
0054 IFCI.GT.1)68 T 20
00517 A=KK=*X5CL
0058 CALL NUMBER(X-2.5#WLAB:SY-HLABS3.0+HLABsA»O.+v4HF3.0)
0059 GO TO 20
0060 21 CALL PLOT(Xs¥Y3,2)
0061 20 X=X+DX
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CALL SYMBOLC.5#XM=1T7,5%WLABy-5.*HLAB+SY,HLAS,22HPARARETER U IN DEG
CREES+0.922)

CALL SYMBOL(-T.sWLAB.YR/2.45Y-15.+NLABsHLAS18HARRAY PATTERN (D8),
*90.,418)

CALL PLOT(0.90.,y3)

END

SUBROUTINE SIMCXCIS»ORIGyNNyMAT,MCT,ANS,LK)

IDENT NUMBER - F1002R00

TITLE - COMPLEX MATRIX INVERSION, SOLUTION OF LINEAR EQUATIONS

IDENT NAME - F1-NRL-SINMCX

LANGUAGE - FORTRAN

COMPUTER - CDC-2800

CONTRIBUTOR - JANET P. HMASON, CODE 7813y RESEARCH COMPUTATION

CENTER, MIS DIVISION
ORGANIZATION - NRL - NAVAL RESEARCH LABGRATORY - WASHINGTON, (D.C.
20390

DATE - 16 DECEMBER 1970

PURPASE - TO SOLYE THE COMPLEX MATRIX EQUATION AX=B WHERE A IS A
SQUARE COEFFICIENT MATRIX AND 8 IS A MATRIX OF CONSTANT
VECTORS. THE OETERMINANT AND INVERSE OF A ARE ALSO
CBTAINED,

CONMPLEX SUMy MAT,ORIGANS+B0+82,B4+B6,B8:+810,811,3B13,4815,CCsCC2,82

EQUIVALENCE(B24C)o (CCsCXD(CC2,LX2)

DIMENSTION MATCMCT9Ll) s ORIGCNNs1) s ANSCMCT)C(2)4CX(2),CX2(2)

10 FORMAT(1X, 2€12.6)
15 FORMAT(25H THIS MATRIX IS SINGULAR/)
19 FORMATC(LHO, " VALUEL OF DEYERMINANY IS “»2E12.6¢//)

FORKAT(1Xe2E12.635XK92E12.62

23 FORMATCBXs “ORIGINAL CONSTANTS®,21X, "DERIVED CONSTANTS*/)
26 FORMAT(1H1+6Xy "THE INVERSE (BY COLUMNS)T")

27 FORMATCLHO)D

28 FORMATCLHI +6Xy "VALUES OF THE UNKNOWNS®Y

35 FORMAT(9X, "IDENTITY MATRIX")

]

31

533(-100I000)
B4=(0.04+0.0)
Bl1=C1.040.0)
ICT=NCY

JSING=MCT

MT=MCT+1
NCT=RCT+NCT

PUT ORTGIKAL MATRIX INTQ MAT
IF{IS.CQ.036¢ 70 39
ICT=MCT+IS

NCT=ICT

00 2 J=1,4ICT

D0 2 I=1,MCT

MAT(Xy JI)=0RIG(TI,J)

CAaMT TUIE
LS LU

IFCIS.NELO)GO TO 3¢

PUT IDENTITY MATRIX INYO RIGHT HALF OF NAT
DO 32 J=MT.+NCT

DO 32 I=14MCT

32 FAT(I,J)=B4%

33

DO 33 J=1,MCT
MAT (Jp JHMCT) =83
FORM TRIANGULARIZED MATRIX
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JCT=MT~1

00 3 J4=1,J4C7

KK=241

GOTe 25

00 & K=KKsMCT

BE=MATLK JI/RAT(dsJd)

00 5 L=JsNCT

B1O=BBxMAT(Js1)

BAT (KoL )=MAT(K+L3-810

CONTINUE

VALUE OF DETERNINANT
BLI=BLI1sMAT(JsJd)
B11=B11«MATCMNCTMCT)

LON=-MCT

Ho=-1

TO DO ONE OR MORE BACK SOLUTTIONS
00 & NINC=MTHNCT

JFIN=8CT

IX=0

BACK SOLUTION

DB & TINM=LOW MO

M=TABS(INK)

B0=-MAT(NM,NINC)

B2=NAT(M. M)

B4=(0.0450.0)

IFCIX) T92247

IX=IX+¢l

coTo 8

#32=-JFIN

00 9 INN=LOW,NO2

N=TABSCINN)

B4=BA+MAT My NI+ MAT{N,N INC)
80=B0-B&

JFIN=JFIN-1
IFCCCL)EQa0 0 ARDJC(234EQ.0.0308 T8 13
MAT(M,MINCI=80/82
ANS(M)=BO/B2
CONTINUE

D0 40 J=NT4NCT
JJ=d-RCT

00 40 I=1,MCT
ORIGCI»JJI=RAT{I.d)
IFCLK«GT.0)RETURN
IF(IS.EQ.0XG0 TO 34
GO TO 41

CHECK FOR SINGULARITY AND
Jy=J

CC=MAT(Js )
IFCCXC1) oNEL D 00Ra CX(2)NELD.0)60 TO &
IFCJV.NE.JSINGIGO TO 14

T coo T
v JoCC &

“n
“n
L.
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PRINTILS

PRINTY 100,Js(MATCK+J)sK=1,MCT)
FORMATC(LIOXsIS48FL0.4)

PRINT 213 (CMATC(I4J)sI=LsMCTY,J=1eMCT)
RETURN

JY=Jv+l

CC2=MAT(JVd)
IFCCX2C(1).EQ.0.0.AND.CX2(2).EQ.0.02G0 To 11
DO 17 JJ=JsNCT

B6=MATCJyJd)

MAT (2o JJI=MATC UV d)

MAT(JVeJJI=BS

Bl1==-511

CONTINUE

GOTO 24

PRINTY SUBSTITUTIONS BACK INTO ORIGINAL MNATRIX
DY 20 KNV=1,1IS

PRINT 27

PRINTZ23

DO 20 LL=1,MCT

813=(0.040.0)

NAa 10 8ME_% _MrT
Uu 17 AR=dsnuid

B13=0RIGCLL s MM)I=MAT (MM MCT+NNVI+B13
B15=—0ORIGCLLsMCT+NNV)
PRINT21+815,B13

CONTINUE

RETURN

PRINT TITLE - THE INVERSE
PRINY 26

GO TO 43

PRINT TITLE - VALUES OF UNKNGWNS
PRINT 28

00 38 JJ=MT4NCT

PRINT 27

DO 38 II=1,MCT

PRINT 10, RATCIL,JJ)

PRINT VALUE OF DETERMINANT
PRINT 18,811

IFCIS.NE.0)GO TO 45

PRINT IDENTITY MATRIX

PRINT 35

DO 36 K=14MCT

PRINT 27

D8 3e I=1,MCT

SU"=(0.°'°¢0)

DO 37 J=1sMCT

SUNMSCORIGC(K+ JI*MAT(Jo MCT+#I)+SUN
PRINT 10,5UN

RETURM

END
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SHELTON AND HSIAC

SUBROUTINE BLKCNMyNNyS11,51255214522)

DINENSIGN NBP{16),NBK(16)

DIMENSION MC(B516)4PHA(B516)
COMMON/CS5/T11(8:s8)5T12(8,8)5T21C858)5T22C8s8)sR11(8:8)2R12CB8) 4
C R21(858)yR22(898) 5 SPACEC T168)

COMPLEX 511551255219522

COMPLEX T11,712,T21yT229R11,R12,R21,R22

IFCNN.GT.2)60 T0 1 .
CALL TWOPT(S119312+5210522,NR)
RETURN

II=0

N2=NN

N2:=N2/2

IFC(N2.LEL0)G6 TO 2

FE_T¥at
Li=li+l

GO TO 3

DO 10 I=1.I1I

NBP(I)=2

II=1T+1

CALL NTWK(NNsTITsNBPsNBKsMCPHA)

CTREZNE_NM.TT _NRD_NRY . ML .PH
ALY FIRAFT FIRG A Farwe g oow

WOCFANIY AL

caLL .

RETURN
END

SUBROUTINE INVSICNMsNN,S512)
COMMON/CSS/A1C323y TC32, 643, SPACEC4032)
DIMENSION S12(NN,NM)

COMPLEX AleTsS12

CALL SIMCXCOsS512,NMsToyNNsALy1)

RETURN

END

SUBROUTINE INVS2{NMsNNs512)
COMMON/CSS5781C8)9T(Bs16)+SPACE(TI20)
DINENSION S12(UNMyNNK)

COMPLEX Al,T,S512

CALL SIMCX(C0¢S12¢NMsToNN»ALs1)
REYURAN

END
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0001 SUBROUTINE TWOPT (S11,512,5214522,N)
goo02 DIMENSTON STL1C(MgM)oS12CMaMI3S21C(MsM)4S22(NeM)
0003 COMPLEX S1155124521,522
0004 CONMON/CS4/A B oCoD
0605 BCD=8+C+D
0006 IFCBCD.GT.0.)60 TO 1
0001 AR=10.%%(~A%,05)
0008 IFCALLE.C«)AR=0.
0009 B1=SQRT(.5-AR%AR)
c01¢C A2=SCRT(.5-AR#AR)
0011 81=AR
0012 B2=AR
0011 Ga T0 2
0014 1 B1=10.%¢(-A%.05)
0015 IFCALLE,0.)8B1=0.
001¢& B2=10.%s(-B%,05)
0017 IF(B.LE.0.)B2=0.
0c18 Al=10.%%(-C#%,05)
0019 A2=10.%%(-D%,05)
0020 2 S11C1,1)=B1+*CNPLK(D.s~1.)
0021 $11€292)=B13CHPLX(0s9-1,)
0022 $22(191)=B14CHPLX(040-1.)
0023 $22(242)=B1%CMPLXC0.9-1.)
0024 SL1{142)=B2¢CMPLX(-14y0.)
0025 S11(2+1)=B2*CHPLX(-Fes0.)
002¢ 522(192)=B23CNPLXC~1.90.)
co21 $22(251)=B2%CMPLX(~1420.)
0028 S12C1,1)=A1*CHPLX(1++0.)
0029 $12€2+2)=A1*CHMPLX(1490.)
Q03¢ S21C191)=A1sCMPLX(1,.+0.)
0031 S21(242)=A1%CHPLX(1l 404D
0032 S12CEs2)=A2%CHPLXCO.s~1.)
0032 S12C241)=A2%CHPLX(0ws—14)
0034 $21(192)=A2+CMPLX(0.9~1.)
0035 $521C291)=A2%CHPLX(Der~1,)
0036 RETURN
00317 END
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SHELTON AND HSIAO

SUBROUTEINE TRTCNTP oTRFF+LL oNNX)
COMMON/CSG/APRT(32,32)ANGLC32432),ANGT(32),TRID(32+32) 9 SPACETAD&A
)

CIMENSION TRFF(NMX,NNX)
COMPLEX TRFFTRID

IF(LL.GT.0H360 TO 1

B8 10 I=1.,NTP

D0 10 J=14NTP
TRID(Y s J)=TRFF{(T9J)

RETURK

00 20 I=1,NTP

DO 20 J=1,NTF
TARFF(I9Jd)=TRIDC(I+J)

RETURN

END

SUBROUTINE TRFIDL{NTP)
COMMON/CSEZRANPT(32,432) o ANGLCIZ 32D ANGT(I2) s TRFF2(32432), TR(32432
CHeSUMRC2D16)

COMPLEX TRFF2,TR
PI=3.1415926536
PI2=P]*2.

R¥A=180./PX
A=SQRT(1./NTP)
P==PI/NTP

DO 10 I=1,NTP
PP=CI-1)*P
PR=P#{(I~e5)%2,

08 10 J=1,NTP
PP=ANCD(PP,PI2)
RE=A=CO5(PP)
RI=A*SINCPP)
TRFF2(I14J)=CHAPLX(RESRI)
AMPT(14d)=A
ANGLCI o J)=PP2RTA
PP=PP+PR

RETURN

END

SUBROUTINE PHASAN CTAINC,DID
COMMON/CS6/CONTACA096 9 SINTACA0Y6)
PI=3,1415926536

PIZ2=PI*2,

TA=0.

I=0

1=1+1

CONTACI)I=COSCTAY
SINTACT)=SINCTA)
TA=TA+TAINC
IF(TA.GEL.PI2)RETURN

Go T6 1

END
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COMPLEX FUNCTION ARCAUG)
AMP=1.,

AG=AUG

RE=ARP*COSC(AG)
RI=AMPxSINCAG)
AR=CMPLX(RERI)

RETURN

END

FUNCTION CANGCSR)
COMPLEX SR
AL1=REAL(SR)
AZ=AIRAG(SR)
CANG=ATANZ2(A2,A1)
RETURN

END
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